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Abstract 


The  experimental  data  of  Bircumshaw  and  Kemman  are  axialyzed  in 
terms  of  a linear  rate  of  progression  of  the  Interface  between  resi^^ 
due  and  itndecomposed  crystalo  Linear  deconposltion  rates  correspond"' 
ing  to  given  tenperatures  are  derived  directly  from  the  maxijmim  rate 
portions  of  the  si^ooid  curves  of  product  pressure  versus  tlneo  It 
is  proposed  that  in  the  temperature  range  220^0  to  280^ C«  the  deoon>* 


This  eork  was  supported  under  Contract  AF18(600)«<>1026  by  the  TJhlted 
States  Air  Force«  thraugh  the  Office  of  Sdantifle  Research  of  the 
Air  Researdi  and  Development  Command  0SIU'ni->$$»lJl2o 


t 
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poaitiqo  SntiorfiaM  tvmvtlc  cxelusivtlar  throuf^  tb«  disordarad  BBtariiA 
batwwn  tha  aoaalB  blaeka  of  tha  eryatal  and  doaa  not  panatrata  iStm 
Intarlor  of  thaaa  blodca*  Abaoliita  rata  traataanta  in  tha  wiwnar  of 
iMlUOjKt^  Qlaattontf  and  S^nrlng  ara  proaentad  for  aaoh  of  tha  tao  ooeyatal 
fonaa  (orthorboBble  and  ouiblo)*  Thaaa  traataanta  ara  aianar  to  thoaa 
pvopoaad  for  tha  aiMlaatlan  of  lonie  aoUds  and  tha  aaporiaatian  of 
aoUd  anottiva  oULagrlda*  raapaetiaaily* 


Intgoduetlun 


Rlrounabair  and  Hoioan^  hava  reeant3y  auanariaed  tha  ramilta  of  an 


^ L*  L«  BlretBolunr  and  tU  n«  NOMBany  Proe*  Rogr*  Soe*  (tian!an)»  A227* 
115-032,  228-2la  a95Ii). 


ascoaptianally  data^ad  InveatioatioD  of  tha  Idnetloa  of  daooegxMltlon 

of  anannitn  parohlonta*  Tha  praMOt  aritara  aooetdaa  ago  otstained  a 
o 

raport  of  nail  ovar  a hundrad  pagaa  eontalning  tha  axoaiUcnt  original 


2 


L«  Ii«  EdroiaBflhaar  and  B.  H*  Naanan,  Xntarla  Report,  Iferdi,  1951* 


data  ahleh  faoHitatad  tha  foUoaing  tbaoratical  analTBia*  Tha  piroaanb 
paper  la  haaad  apon  a dlaoaealoo?  originally  praaantad  In  1952  and  r»- 


^ fU  0-  Sdiults  and  A*  0*  Dddrar,  <Tha  IHnatica  of  DaoonpoaltlQn  of 
ABtaanlnBi  Parohlorata”  praaantad  at  tha  122nd  Rational  ifaatlng, 
Anarlean  Gheolaal  Sodaty,  Atlantio  City,  Rew  York,  Saptanibar,  1952* 


oontly  nodiftad  in  the  11^  of  raeant  atudlaa  on  tha  linaar  vaporl- 


• u- 

Mtion  xat«  of  maaswlm  «ad  on  the  snhll—tinn  vutm  of 

^ R«  D.  SdniXtt  and  A.  o«  Roldcor^  «The  Abaoloto  Thagniia  Dooaopooition 
Ratao  of  Solids*  Fart  2»«  in  the  Fifth  XBtecnetioMil  OonbostioB 
Sjnapoaitea  Helfltadid  Piibllshine  Ocapu^,  Hoir  Toaek»  (19$5)* 

^ R.  B*  Schulte  and  A*  o*  DcUcer*  to  be  pdbUiehed*  08Iip>TII-$5-llilo 
oolocuQLar^  and  ionlo  eryatala*^ 

^ a«  C*  Sdnats  and  A*  0*  DddEcr^  J*  Chaa*  Pl^  in  press*  06n-TIl~51»-367o 
^ a.  D*  Soholta  and  A*  o*  Del±er»  to  be  puMlehed*  06R-TN-5$-138 


S|ir  e eerlas  of  exceUant  pbotonlcxographs  on  IndividiiBl  carystals 
of  aononitn  parohOLorate*  Blrounahsir  and  ReMsan^  deBoostrated  that  the 
flUov  deooBRiosltion  at  230**G  pcoaseda  biF  the  IbcaatioB  of  opmqpm  ^)Ots 
(1*0*9  mdlsl)  on  the  orFstal  sorlboe*  these  spots  than  grov  in  slse 
and  evontuaUF  eoaleaoe  to  fom  a oontinnofiis  opsqpe  regicB  abose  boondBay 
with  the  transpogant  region  eas  dbearved  to  aove  xsiSibnAF  inserd  toaerd 
the  center  of  the  ecretal*  ^iien  the  bouadsiy  raaobss  the  oenter  of  the 
oystalf  deocxqnsitian  oeasest  leaving  a peroos  peendoraorph  afaieb  is 
still  pare  aBsaaitai  peroKLorate  bat  ablab  has  a densitor  osily  70t  of  that 
of  the  original  eqrstti* 


In  th«  floaioaing  diaott88loii«  it  1*  tiham  that  n a&nsSU  oonaittaat 
traatcMPt  of  tha  Idiiotie  data  can  be  aade  In  tenm  of  the  Unaer  ret# 
of  progceaaion  of  the  totarfbee  batwean  partibUy  dapooposod  and  uo* 

a 

daoaB|)oaad  oqpataCU  A aodiflcaticm  of  a treatment  bgr  7.fott  la  oaad  to 

4Ba»me«eemaBememee«oflaemem«aeeem«ae»em«aemnaaftamee«amaMeeaiiaseea»em«a-« 

^ lf»  7.  flBtt*  Froe*  !U)y«  Soo*  (London)*  A17g>  32$  (1939)» 


aaalyae  tha  aeoatomtoty  (or  nodeatAon)  period*  and  a modifioation  of 
a treataant  bgr  ToplaGr  and  Hoaa!^  is  tuMd  to  analyse  tho  deealeratary  (or 

^ B«  Toplior  and  J«  Ifuae*  Proo*  Roy*  Soe«  (London)*  A120>  2U.  (1929)* 


poat^oaleaoenaa)  poriod*  An  aaqpOLanation  for  the  observed  oossation  of 
tha  raactlon  at  30t  coapHetlnn  ia  propoaed  on  tha  boaia  of  tha  ooncapt 
of  amaaie  atructure  in  coeystala*  the  expardoentbl  linear  ratea  derived 
bgr  thia  anolysla  provide  a baaia  for  a tranaidoewitate  abadute  rate 
troatoent  in  the  aamor  of  CEUaetone*  Laidlor*  and  RTrlng*  These  latter 
cblcnlntions  aosgeet  that  the  integRaoaaio  aateribl  of  the  erthoathonMLc 
cryatbl  daconpoaea  bdov  2$qPc  via  a primary  rate-oontroUine  step  re» 
qoiring  the  attainaant  of  nearly  free  rotation  of  tha  perbULorate  ion* 
on  tha  other  land*  the  iateraooaio  BBtorial  of  the  oohle  eryatai  oppaara 

to  daoaapoaa  above  2$dPc  via  a r«t»<«6ntrQlling  atop  vddob  involvea 

( 

daaorptien  of  a looasly  boind  BR^iBOlO^  eaepOfac  tern  ita  pfaoraieaUy 
adaoTbed  atate  at  tha  deoonpoaitlan  interfaoe* 


thtanr  of  Urn  Wodloattleo  ftoow  in  ttm  KaatHm^oer  Poriod 


RlreinalMNr  and  Benaa^*^  hava  auegaatad  that  the  foeraatiaa  of  omtart 
of  daooapoBitian  on  the  oxystal  auirllaoa  bo  aaaodatad  aith  the  fon- 
oatloa  of  fraa  adaoaebad  pardAorlc  aoid«  lb  aupport  thla  honpothealaf  they 
have  denonatratad  that  the  Sndoot&on  period  for  deoongioaition  ia  oooolder* 
ably  (ritortaoed  by  cryatalllalng  aeae  of  the  aalt  with  perddorie  aold  as 
a 2^  iapurlty*  MM^eover^  thogr  find  that  tito  indootlon  period  ia  ooaaidaxw 
ably  langthanad  by  a anall  preaaura  of  ancaohia  over  the  aalt»  preauaably 
oanaad  by  the  neutraliaation  of  adaotbad  perchloric  aoid*  Aoooirdlncpyf 
the  foUoeing  aaohaniaa  ia  aaataed  for  the  nodeation  prooaaat 


(ocyatal) 

(acBihoa) 


fphyaioally  adp>) 
Caorbad  anrfhoa) 

fOBODlOK  ) 


: HHj 

(gas) 


noo^ 


a) 


fadaovbed  on) 
(anrfiBoa  ) 


atata 

(Vnbol 


<n) 


(ad) 


(e) 


(•d) 


tot  di^dt  ba  the  rate  of  aacogw  of  NH^  (g)  firaa  tiM  aorfaoo  of  the  oiyatal 
la  nolaodoa  tie  en  • Aa  a firat  iffprwrtaBtion»  the  back  raaetlena 
(lb)  and  (Id)  are  aocdaotad  and  reaetlon  (lb)  ia  asaoMd  to  ba  i^to  ooo» 
trbOllingy  ao  that 

g - k,  (W,  . - 1^  (2) 


whagb  ia  the  apaeifie  rate  conatwt  fbr  roaotion  (le)  and  idtara 


is  A ooaUiuiiioa  oonstant*  (Tho  idLttrnatA  Mraqptlon  thut  raaotion  (la) 

Is  nta-oontmlUag  sill  not  affsot  tbs  sathsoatlosl  tan  of  ths  dsoosi- 
posltltm  prsssura-tlns  rslatlon^p  (13)  bslov*)  Assums  tn  this  first 
approodiiBtlan  that  the  rats  of  eseapa  of  perohlarlo  add  tram  the  sorfaoa 
Is  neg^isible*  Assnas  also  that  the  tine  required  to  attain  teBOMrature 
equilibdum  is  nsdisU>le  ocnpared  to  the  duration  of  the  nuolention 
period*  At  time  t after  start  of  heating^  the  eonoentration  of  perahlorle 
add  in  the  surfBoe  is 


(HCM^j)^  - • « V 

provided  that  no  adsorbed  or  MR^  is  present  prior  to  t « 0*  A 
nadeas  dU  be  oonsidered  to  be  in  existenoe  idien  a certain  nosber^ 
of  HGlQj^  (ad)  flolseules  have  migrated  to  a potential  nudeus  dte  (i*e*» 
surfboe  disoontlnd'ty)  and  have  deoonposed  to  leave  a surface  hole*  The 
mobility  of  tho  adaoxbed  perdilorio  add  oould  be  the  result  of  a sorfaoa 
lattioe  ndgratlon  proosss  of  a type  disenssed  by  ffaonooald*^  far 

^ J*  I*  Tiao^naldt  iTans*  Itur*  Soe*t  36(V363  (19$L)* 


The  rormaiion  of  an  etopty  apace  In  the  surface  lattice  caused  by  a 
deocR^wsltiQii  reactioa  of  j noleedlea  of  at  a potential  nudetta 
site  should  loosen  the  lattice  restraints  on  the  Isnediately  adjacent 
ionss  thereby  peraitting  then  to  enter  deconpositien  reaetlona*  (Thia 
situation  is  oonparable  to  the  caloiun  carbonate  decotopoaltlon  die* 
coased  by  Lan^ndr*^  The  latter  used  the  phase  rule  to  show  tiiat  the 

•■•»••••«■»*■•  e*.e»  «a«eeea»eeee«»«»^«Ba»MO»«e«»e»Mfl»»aeee  i»eeeeoe«a« 

^ !•  Xangnuirt  J*  An*  Chen*  Soo*^  ^ 2263*3367  (1916)* 


lattice  vacancy  left  by  the  renoval  of  a CO^  group  eeakens  the  bonds 
by  iddoh  adjacent  groups  are  hoUt«)  The  rate  of  nuclei  fomation  per 
unit  area  of  ciystal  is  then 

a » - i^TK,V  (5) 

uhere  IT  ia  the  nuaber  of  potential  nudeus  sites  per  unit  area  and 
is  the  speoifio  rate  constant  of  the  nudeation  process* 

It  has  been  observed  in  nany  crystal  decoopoaitiona  that  the  radiel 
growth  rats  (dr/dt)  of  a nudsua  ia  constant  under  isothemd  conditiona 
and  variaa  with  teaperature  T aeowding  to  tha  aquation 

B » dr/dt  «»  «qp  (-VRT) 


(6) 


%.  i t. 


At  tte  tiiM  7^0  tha  x«dlu«  of  a nuolons  bom  at  tino  t la 


r ta  B ( T - t) 


Both  T*  and  t am  neasored  traa  the  eooneneenant  of  haatlng» 
tha  voltna  of  a hamlapharioal  andLoos  la 


T=  (2/3)  fr^ 


md  tho  totd  V„  or  lOl  n ^<061  rt  wtl»  ^ 

eoalaaoeiloa  (l«a«^  before  appredablo  Interfaronoa  of  decoopoaltioii 
aonea  ooeura)  la 


“ 1 ^2/3)  TTf?  ( r-  t>^do 


ahera  dn  ia  given  bgr  aquation  (5)«  Henoa 


•J*  (2/3)irB^ri^  t^  (r-t)^dt 


mtagratlon  glvap 


uirtfk^rij 


J+  U 


4 


« 10« 

If  it  l8  MsuDsd  that  perdaorie  aoid  doeoaposoe  bgr  a bdbnolaoullar  fm 
aetion  at  a potantlal  tnadaua  alta*  j <*  ?»  ao  that 

7^*1  (ITB^^r  1^/90) 

:Di  the  absence  of  secondary  reactions  at  tine  (t)f  the  ivessure  (p)  of 

i 

deeonqposition  products  above  the  salt  is  paraportianaOL  to  7^^  so  that 

p * a3) 

diere  C is  a constant  of  proportionality*  ISquation  (13)  is  identical 

I M i|. 

! in  form  to  the  power  expressiont  p « let  (dwre  x « 6*2  «•  0*5)  whidi 

I 

I 9 

I Bireuiiidiaw  and  Neman  found  to  hold  for  the  aooeleretogty  period  at 

220  ••  27^0*  SeooQiiary  reactions  in  the  gaseous  dsoonposition  products 
I which  involve  voluas  changes  will  not  affect  tho  experiacntal  value  of 

tina  tMLoh  is  either  veiy  amll  or  very  lar^  oonpared  to  tho  duration 
of  the  aocderatocy  period* 

The  above  ealedlations  suggest  that  sooe  kind  of  binolooulBr  ro» 
j action  is  respcnsihls  for  tho  fomatian  of  a nucleus  but  it  is  by  no 

ansne  oortain  that  the  reaction  Involvos  perchlorio  add*  An  altema-> 
tive  asmaptloa  that  a mufteas  is  fomsd  ty  two  boles  (or  even  two 
charged  partidas)  which  nlgrate  through  the  eryatal  lattioe  and  ooe«> 
lesoe  att  a disoontlnnity  in  the  oiystal  wodd  lead  to  a ■athanatical 
eaQveasion  of  tho  sane  fona  aa  equation  (13)*  (Sae  N*  F* 

I 

- i 


I 


I 
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The  Wtodacm  Rate  Poriod 


Onoe  coalescence  of  tho  groeing  node!  has  occurred  so  that  the 

surface  is  oonpletelcir  covered  bgr  a layer  of  residue^  equation  (13)  le 

no  Icn^  valid*  At  this  ttoe«  the  reaction  interfaces  no  longw  la* 

crease  In  area*  Instead*  the  resulting  single  Interface  decreases  in 

area  as  it  progresses  toward  the  cooter  of  the  cxTstal*  tet  the  shape 

of  a given  crystal  at  coalescence  tins  ty  be  approxiaatod  as  a sphere 

or  vaHLxiB  the  volune  ^ of  undeeca^eod  crystal  inside  this  sphere 

at  tine  t^  ie 

y 


At  the  later  tine  t*  the  volTrae  7^  of  undeooaposed  oxystd  ie 


py  - B(t  - <y)j 


Idf  f erentlation  gives 


0 

dT^dt  « 4itrB  ry  • B(t  - 


The  rete  of  increase  dooenpositien  product  pressure  dp/dt  Is  pro> 
portionOl  to  the  rate  of  vclTaae  dearoaso  -d7^dt  and  to  Q the  ttijber 


r 


j f t » 


• 12  • 


of  oryirtMls  asnmd  tnifima  in  oizo  and  sbajw^  so  that 


dp/dt  a UtTOBO 


[- 


B(t  - 


ahora  0 Is  a proportionality  oonatont*  llto  noxlnnm  rato  occurs  at  tho 


tine  t a tL  80  that 


(#/dt)y  a UtrtgiO  r* 


Tbs  vaaAw  of  czystals  Q in  a fixed  initial  sei^  TT  of  unifoxn  MR^G10|^ 
oxyatals  (assunad  spherical  in  shape)  is 


shara  Is  the  Inltlnl  crystal  radius  and  (P  its  deDsity» 
Ihsertion  of  (19)  into  (18)  gives 


(ftp/dt)y  a 3 


Let  tho  diffarcnoe  between  the  initial  raditis  of  tho  crystal  and  the 
radius  of  the  qiierioal  rasetion  iaterflaee  at  cooleseenoe  be  ^ so 


I 


-13- 

that 

and 

(<^)/clt)  dc  (r^  - fi^  ^ - 2r^5  + ^ (22)  oc  ^ paro- 

' portional  to 

For  lar^  ciystalOf  £ la  aanll  eonpared  to  so  that 

(dp/dt)yO<;  1/r^  (23) 

IfauSf  the  naxinai  rate  for  a given  bus  of  lartse  l1H|^CI10j^  ciystals  should 
yiuy  inversely  as  the  initial  ezystal  radius*  Indeed^  this  is  naazly 

9 

the  reOLationahip  observed  by  Blremshav  and  Neeaan  for  crystals  greater 
than  0*00b  indies  in  dlenster*  Belov  this  sise^  the  oaxinum  rate  was 
found  to  deoreass  idth  deereass  in  diaiwter*  This  results  firen  the  fact 
that  ooalosoenoe  ooctoni  at  greater  percenteges  of  deooe^positlan  for  the 
sewllsr  particOss  (i*e*9  (S'  is  no  longer  tawll  oougiered  to  r^)* 

^ t*  L*  Tbyslic*  GhnB*9  A187*  li3-^7>  23^^9  (191|0)* 


readMd  a siirtlar  oondusloB  idxmt  the  effect  of  deorassed  rartide  sise 
I OB  the  xete  of  solid  dsoospositlaii* 

i 


Vm  a glTon  batd^  of  uidfoni  oTstala^  tha  point  of  Inflootion  of 

tho  comnoiQy  oboorvod  algnold  deeonpoaiticm  preasuro-tine  onrvaa  oorro* 

qpood  apponnclnatoily  to  the  tlae  of  ooedeecenee  of  the  muilel  on  the 

surface  of  the  crystal*  At  tiae  t t tho  deooopoeltion  rate^  In  tana 

y 

of  fraction  of  original  ez^otal  vdvm  is  from  eciuatlon  (16) 


But  7^  Is  proporblonal  to  p^*  the  final  deooaq;)osltlon  pressure^  so  ^t 
( all  ) beOQMS 


The  ratio  of  the  rdune  ^ of  undeooaposed  crystal  to  the  original 

vclTaBS  V.  is  at  tine  t^ 
o 7 


The  radios  of  the  deccoposition  Interface  at  tine  ty  ISt  thereforsf 


(26) 


n 


-15- 


the  naxlnuB  rate  of  linear  proffc^aslan  of  the  deeoopoeitiQn  interfeoe* 
B n dXL/dbf  tins  1a 


r (<^/dt) 

V3  „ \ 


m see 


-1 


(28) 


ehere 


3Pf 

r « initial  cacystal  radius 
o 

(d^/dt)^  « dLope  at  the  point  of  inflection  of 


-1 


sisaoid  deoonpo8itia&  product 

pressure  - tiae  curve  na  Hg  see 

B decooposi^ion  prodoot  pressure  at 

point  of  infleetion  Hg 

• final  product  pressure  (assuBiing 

no  change  in  voluns  of  efstasi 

during  run)  «*  Hg 

of  ecjuaticsi  (28)y  experinental  values  of  B (plotted  in  Figure 

1 as  lo8|0  H versus  1/t)  vere  derived  directly  the  8i0M>id  p»t 

ourvos  of  the  original  Bircanahasr  and  Neman  data^  using  their  estlaated 

man  value  of  r • 1.98  x lo"*  os.  maw  Sift  the  linear  deoonpoeitlflii 
o 

rate  of  the  tntemoeaie  aaterial  of  the  orthort»*lc  nB^CLO^  erysUl  is 
given  tgr 


NH,c>Ok  <.»»—-«)  - ^5  * «®  (-3i,»V«r) 


(29) 


t ^ I • 


m%6- 


At  $LJPk0  tiui  (srystal  of  NH|^CliOj|^  msubso  th«  cubic  RbCI  tgrpo  lattieo* 
AboTo  this  tcnparaturo*  the  llxiaer  doconpositlon  rato  of  tho  tntcnBooaie 
naterial  of  tho  cubic  NI^OlO^  crTstal  in 


^CU)^  (cubic)  - 


It  l8  of  interest  to  eonpare  oqoaticn  (29)  with  an  oquatloa'  recenOy 
eatlmatod  for  the  naxlimiB  linear  rate  of  advance  in  vacuo  of  the  deooi»> 
poalticn  interface  betwaen  CaOO^  and  CaO 


®ca(n3ichn  “ “ cap  (..37*fiX)/RT) 


It  la  also  of  interest  to  compare  equation  (50)  vlth  the  equation  for 
the  linear  rate  of  vqxirlaatioo  of  aanonlun  dilorlde  obtained  by  an 
analysli^  of  the  e9q>erinentid  data  of  H«  Spingler*^ 


R.  SpiniiLerf  Z«  Ptysik.  Chan.*  ^ 90-106  a9U2). 


* 1.2  3c  10^  aotp  (-15*$dQ^)  on  sec*^  (32) 


I 


Tha  OecdLTtttoaty  Pariod 


It  foUoKtt  f^ran  the  proftoua  nathon&tieal  ana3jr>is  that  the  equatioii 
of  the  deceloratocy  portion  of  the  eignoid  p • t curve  Is 

3 

Pf  • p [i^  • • vil 

a JfaL  (35) 

share  r^  is  glvan  hgr  equation  (27)«  Figores  2p  3*  and  1»  oonpare  the 
deceleratozy  curves  derived  hy  equation  (33)  tiith  the  esqjsriaental 
eurvee*  At  2l^C$  the  agreenont  Is  excellent  but  becomes  progreselvaly 
poor  slth  incraaslDg  temperature*  Hie  discrepency  at  hishsr  taspeii>» 
aturea  nay  be  the  reSid.t  of  an  increase  in  the  vaporization  rate  of  the 
salt  Tdthout  oxidizationNredttotion  reactions  In  the  gas  phase  or  pexw 
haps  nay  be  the  resvQLt  of  an  inpedanoe  or  hindering  effect  of  the  layer 
of  residue  on  the  escape  of  gaseous  prodnots  Area  the  doconposition 
interfSee* 


The  TheriBodynsBdcs  of  the  Single  Piesoqietion  Process 


An  etithaliy  hSlanee  for  the  dlssocletiaa  of  orthorhoiriblo  aBiaaniin 


p«rQKLomt«  to  gaaooos  waaonia  lod  poreUIorlo  aoid  say  be  os 


m do.  ;^r:±  * Hdo*  ♦ heeet  of  (3U) 

^ ^ ^ ^ reaeUjoa 

State  (ortbozbonjbie)  (oae)  (S&e) 

(crystal) 

^:^I^(298Pk)  -69«1i  -»11«0  -^.O 

koal 

£H«>le“^ 

Referaiice  lU  lit  (Caledated)  (Itr  Difference) 

^ National  Bureau  of  Standarda^  dreular  930  (l!>2^2)« 

A value  of  8*8  kotl  g-iacile**^  for  the  enthailpgr  of  vaporisation  of 
anhydrous  percihilorlo  add  eas  eatiiaated  Dram  vapor  pressure  data^^  tgr 

^ J«  MeULoTy  "CoBprehonsive  ^nraetise  on  Inorganic  and  Ibeoretical 
CheedstxyyV  IcnsaanSf  Green  and  Oanpany»  (London)^  \)bl«  p*  377* 


use  of  the  dausiue-GLaiMyron  equation*  This  onthalpy  of  vaporisation 
VOS  added  to  tiie  -ill*!  koal  g-aole*^  heat  of  fomation  of  HCaO||^  (liq) 
(Heferenoe  lit)  to  obtain  the  eetiaated  value  <2S^K)  HdO^  (gas)  ^ . 
•2*3  koal  geaols^*  ileaction  <3li)»  as  erittan#  is  oodotherBdo  to  the 
epeteat  of  about  36  koal  0>ttdls*\  Ihis  value  is  sonadut  unoertaia 


19- 


t4»  ha«t  of 

vatail^*^  Stneo  tho  endothennloltar  of  tbo  single  diosooiation  porocoao 

15 

^ C«  F*  OoodovB  and  A*  S«  !••  Varah»  J*  Chao*  Soe«|  1316  (19J7)» 


{3h)  i»  nodt  hietior  than  tho  obsta^ed  activation  onerj^as  for  the 
vaporisation  proeoso*  it  fOUovrs  that  tho  latter  noat  ooeor  in  atagoo 
rather  than  as  a sinde  step* 

the  tteture  of  the  Residue 

Gtfner  and  Hallee^^  have  eoggaated  that«  in  certain  eaaee^  ooaid 

Tr»  E«  Oamer  and  lU  I*  Iiallee«  Proe»  Itoy*  Soe«  (london)^  A139« 
576-695  (1933). 


deocogpesition  ndgiit  proceed  preferentiaTly  alcmg  the  boTsidariea  of  the 
nosaio  blooka  ocoprliing  a eKyeUCU  Zf  the  decomgpooitlan  paths  at  ZSS 
to  28d^G  travel  excdnsively  throagh  the  strained  intemosaie  lattice  in 

to  art  p««rtr.u  tl»  l»t«^ 

the  flomation  of  a xesldae  stable  at  these  tesperatores  Is  vnderstandahle* 


the  adnima  slse  of  the  nosaio  bloolcs  in  saacsiien  perohlarate  my  be 

estiaated  on  the  assuntpUen  that  the  thideness  of  the  strained  transition 
lettioe  is  about  eqqei  to  tbo  side  of  a wdt  odLl  of  the  eeSatUt  lattioe* 


If  the  veeidoe  ooneiete  mUxiLy  of  the  orlelnal  noeaio  KLooke  idth  the 
intenaoeaio  aateslal  remo^t  it  foUow  that 

(3$) 

ehere  D is  the  side  dissension  of  the  noseie  blO(^ 

d is  the  thiolmess  of  the  Intermosaio  layer 

0*7  is  the  fraction  of  the  originsl  nass  rendning 
after  oessatixm  of  deconpositioiu 

Setting  d equal  to  7»6li  k,  the  side  disaansinn  of  the  unit  oell  in  eiMo 
NHj^caX)|^  (Referanoe  18)^  gives  a ninlsion  avorogo  value  of  about  62  A for 

K*  Hennaami  end  lllgs«  Z«  Kristy  7^  I|1«66  (193L)» 


Mms  residae 

14s8  original  exytiSS. 


0.7 


the  side  dioensiaa  of  a nosaio  blbck  or  about  69  A for  the  spacing  of 
suooessiva  interaosaie  laQrers. 


ftensltlon  State  Oeeoapositlon  Rate  Theory  for 


Ihtenaosaio  Cdbio  NBt 


Assune  that  the  final  stages  of  tbs  nedhanisn  of  deconpositAon  of 
ths  iateraosaie  mtscisl  in  tho  oobie  fon  of  aHonittB  psrehlamts  is 


R B 0 

V ® © It  a 

fl  . . R . . o=a:=o  yt-- 

i II  ^ laa 


? 


RRjCtfUi)  Hdo^CgM)  ^ 


Reaction  Intermediate 


Y 


Irreversible  Oocidatlon^Reduetion 


(36) 

(37) 


ehere  Is  a dual  adsorption  site  and  ehere  the  reaction  intermediate 
l.  . !«».  IMj  . Hcao^  o«Ra«  ahieh  1.  phyaldOly  at  tb. 

deecwqpositian  interface*  Reactions  (36a)  and  (36b)  are  similar  to 
those  asstnnd  in  a recentlsr  revised  absolute  rate  txmataent^  of  the 
aunniun  dHoride  deeca|x>sition  lfH^  0.(8)  ^(g)  ^^(g)*  ^ 

bllllar  eodstsy  therefore^  of  anelTsing  the  reverse  reaotioii  (36b)  tsgr  a 
strai^itfSoresrd  i^spHoation  of  ^ absolute  rate  treatment  formulated 
bgr  Uddlery  Oasstonef  and  fbr  a biaoleetilar  surfaoe  reaction 


19 

Bee  K«  J*  LaULery  "The  Absolute  Rates  of  Surface  Reactions*  in 
CatalysiSf  7ol«  I«  Part  1*  (195U)f  P*  H*  Rtaastt  editor* 

Reinheld  PubUshing  Co»«  Rev  Torlc*  See  partloulaxly  pp*  211»i>2SL7* 


proceeding  bgr  ImnsnxixMttnshalvood  aedianisae*  Rjr  ansloGgr  idth  the 
treatmnt  for  lll|^Ot  the  naxlnRai  eacohange  ratst  reaction  (36b)9  shodld 
be  equal  to  the  naxlw  forward  rate  of  reaction  (36a)*  Assailing  the 
latter  to  be  rate  oontrollingy  maxlwnn  deoompoeitioii  rate  of  the 


Istemosaie  xnaterlil  of  tha  cubio  form  of  aaBoalui  pordiilogrftta  tSMdlA 
oorroapond  to  Vao  aquation 


-dCmoo.)  r 


-E^ 


ioiHpalrs 

_*2 -a 


tAiara 


•d(NR2^(aLO|^)/dt  « tha  daeonpoaltion  rata  par  mit  araa  of 


bJ« 


apposed  surface  of  Intemoaaio 
oatarlil 

a ataodbr  state  ow  phase  oonoantration 
of  asnonla  in  oontaot  idth  the 
reaetloQ  Interfaoe 

a steedjr  state  gas  phase  eoneentration 
of  peroKLorle  add  in  oontaot  eith 
the  reaction  intwflMS 

a oonoentration  of  bare  dual  adU 
sorption  sites 

a partition  fonotion  of  aotiemted  ooopilex 
over  all  degrees  of  freedom  SBceapt 
the  dhcetiond.  mode  indeded  in  kf^ 


loop>pBirs 
-2 -1 


moleedles  cat 


y 


ptftitieii  fnnetion  of  amcenifi  p«r  unit  voIum 


See) 


of  gM  jitieae 

XB  partition  ftnetion  of  perddorio  aeid  p» 
unit  volume  of  gas  pbasea 
« partition  ftnotien  of  a bare  dual  adsorption 
aite 

a>  aotivatioi^  energjr  of  aurfaoe  reactian  ealoriea  goole'*^ 

>■  Erring  frequonoy  for  pasaaga  over 

potential  enot^  barrier  aao*^ 


£1/  a prooedore  nearly  identical  to  that  need  for  ammonium 


dilorlde^ 


equation  (38)  aiy  be  eldplified  to 


H' 


ClOi 


li  (odde) 


V3 


Kf 

T 


(») 


idieri 

W/h 

U 

e 

H 


• Qrring  traneitioiv-etBte  firequenqf  fbr  passage 


over  a potential  en«t9r  barrier 
>■  Ibnada  eeli^  of  KR^GIC^ 

• dMsitgr  of  nii^CLO]^  (odbio)  U9$ 
■ Avegadro**  oodier 


g e Hole 


•1 


g cm 


.-3 


■oleeailes  g«eM(Le 


-1 


f*  (trons) 


f(v) 


m. 


'hCOjO^ 


psrtitiQn  ftaotlm  for  a onoMUaeasimial  traniN 
lation  notion  of  tho  oontor  of  cpravltor  of  the 
ooBQjleac  in  the  plane  of  the  crystal  aurfaoe* 
Aa  an  apptvodnatian  f*  (trans)  "Ssasi  1 
•inQp.e  node  viJarational  partlM.on  funotion  of 
the  fom  pl-floqp(-hvA^^»  A®  «n  aP“ 
proadnatian  f (v  ) M/h 


fireqoendes  for  tranalatienal  oscillation  of 
physicalSy  adsorbed  ansaonia  and  hydrogan 
chloride  in  the  plane  of  the  adsorbed  layer 
at  the  dooQiq;w[^tlon  intwfaoe 
aotivetlon  energy  surface  reaction 
energy  of  adsorption  of  “t***"^” 

energy  of  adsorption  of  perohlorie  aold 


seo 


ealoriee  gi^ole 


oaljories  gi-nole 


•1 


oslories  g-aole 


-1 


SapUelt  in  equation  (39)  1®  the  aseueptien  that  the  rotational  oecil« 
lation  of  physically  adeoxbed  nC10|^  is  nearly  free  gas>type  rotation* 


The  ITeqaenolea  and 


My  be  eatiaated  In  the  nanner  of  Rill* 


20 


20 


T*  U RiUy  J.  Chen*  Fhye,,  1^  iSl^S?  (19l|d). 
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and  nromn  and  11131"  ^ mo  of  the  oqiQatlon 


J«  Tf,  itooan  and  T*  U TlUly  J*  Ghen*  ^ 775-781  (1^9)* 


V * » X 10*^  ^ 


.-1  <») 


lAwre 

V mV  m at  tvanslatioaal  oadllatioo  firoquencgr  in  the  x 
or  y directloiit  In  tho  piano  of  tha  ptaysl- 
oally  odBorbod  layor 
T,  . .nlm 

lation  in  X or  7 diroctim 
n m aasa  of  adaoxM  adlecdlo 
a « dlatanca  botweon  potontld  ndnlaa  along  x or 
7 axis  of  aorfaea  lattloa  (aasxaad  djqpla 
enSAo) 

7^  » Sana  na  axoapt  for  xcalt 

O O 

V « nolooular  xaiejht  of  aidBoxl>ad  nolaodla 
S » Sana  as  a axoapt  for  tait 


keal  e-ablo 
g g^nlo" 


HUl^  has  astioatad  tha  potantial  harrlar  7^  to  ba  abonfe  0*3  - 1*0 
kodl  •aacdla*  If  HCSO^  is  adsoshad  praforantialSy  on  a ion  and 


I 


is  sdsoartMd  prafsrsntlBlly  on  a C3jC^  ltm«  the  distanes  S idkovld  bs 
about  equSl  to  the  7«<SU  /i  side  dinension  of  the  unit  eeU  in  odbio 


lOIji^cayO^*  1hns»  the  estinated  fgeqoeneiss  are 


1.8  to  3*3  X 10^ 


0*7  to  1.3  X Up- 


sec“^  (In) 


As  In  the  treataant  for  anmoniia  ddlorlde 


K SSSL  2V  ssi  doo  to  2000 
o o 


calories  94K>le'*^  (I|2) 


^**eg  NH^  **  ^og 


6t|60 


oalories  gHSole*^  (li3) 


^OlOj^  *“  '^cg  BdO^  “ ^cg  io»7w> 


edlories  gHsole**  (ItU) 


shairs  siffdiles  an  enthalpy  of  mMLlwatlon  Baasured  at  tbs  tenpei^* 


atnre  Therefbre«  the  thooretioal  salue  of 


T.i^rniTTHM  “ 532*K  is  between 
averegs 


^CW] 


U (eiMe) 


at 


^^(wJULw) " ^ ***  (-ar.eooM) 


<I6) 


-p27* 

aaA 

®1B  CIO  « l*a  X 10?  «sqp  (-19,200/ttr)  OB  toc^  (l|6) 

""li  liCovbdLo) 

jt 

(7^  aamaasd  to  be  1«0  koal  ffHPnie  ) 

In  fitdr  agreement  eith  the  experlaanbaUar  derived  valoe 

^U®^(cdblc)  (•46#ac»/ftr)  cm  eec"®*  (U?) 

tflCpBTaJMro 


Use  of  energies  of  liquefaction  Instoud  of  energies  of  subllnation  to 


approximate 


eonld  have  given  an  activation  enersT  of 


13»900  to  IS^OQ  calories  gHoole*^  also  in  fair  i^raement  vith  the 
eoqperlmental  valne»  Xn  these  celeulations  the  enthalpies  of  subli- 
■Btion  and  liquefaction  of  ancionia  i»ere  taken  from  a coapflation  bgr 
the  U*  S«  Burean  of  Staniaztls*^  The  enthalpgr  of  fusion  of  peroKLoodc 


Vm  S*  Bureau  of  Standards^  drcdlar  5d0  (1952)» 


add  mas  estiaated  to  be  about  2«$  koal  g-oole*^  bf  ooi^arlaon  eitti 
idtrio^  sdXfario^  and  phoephorie  add#  The  enthalpor  of  vaporisation 
of  perahlorio  add  vms  estimated  above  to  be  d»8  keal  O4oile**^  ftnm 
vapor  psnastge  data  at  16  and  39^0* 


-IB. 


TIWBMltlmfcgtate  T>Booapoaitioo  Rate  Thaonr  for 
Intaaemgaie  OrtlwirtioBfeie 


the  linear  deconposltlon  of  the  Intormsaic  material  in  ortho* 

® ao^,  «» 

8 

lm$  X ID  on  flee  la  about  the  aaao  as  for  flubUaatlon  of  flinpile  lonie 

n 

ezTBtals  and  for  the  deorapositlon  of  calelvn  carbonate*  In  these 
oasesf  the  chief  statistical  differoaca  betiieea  the  initial  and  aotl^ 
vated  statofl  appears  to  be  that  rotaUjon  or  nearly  free  rotatim  is 
possible  orOy  in  the  activated  state*  Aooordlnglly*  it  ifiU  be  asmmied 
that  the  fcnmation  of  the  activated  em^ex  for  the  deoonposition  of 
intensosaio  erthorhoHbio  IlH^COLOj^  requires  the  attalnaent  of  an  almost 
{M.  rotational  «,tlon  of  tho  OC^  Ion  at  tha  .toocaapoltlon  IntartaOta 
A reasonable  eatloato  of  the  Initieil  state  torsional  oscillation  fTe* 
quency  of  tho  CAfl^  ion  is  about  7*5  x see**^  corresponding  to  a 
oharacteristie  tenperature  a hV/k  » 366°^*  It  idll  be  a8s\raed»  in 
acoerdanoe  vith  a suggestion  by  Blroisnftunr  and  Netenanf?’  that  the  asH 
noniisB  ion  is  rotating  almost  freely  In  the  initiiQ.  state  in  both  ortho* 
xhoshie  and  ebbio  T1I^G3U>|^*  Apropos  of  this  asoiBaption^  tho  neutron 
diffraatlon  experlaents  of  Levy  and  Peteonohp^  the  infrared  spectra 

^ R*  A*  Levy  ond  S*  Vm  Peterson*  d*  Cheo*  Rys**  ^ 366  (19$3)l 
J*  AO*  Chem*  Soc**  Jga  a9$3)« 


ttudian  of  Flvni)  and  BomiSf  ^ md  the  l^amn  9paetrft  stodlM  of  Oootnro- 


R«  €•  Tluoib  and  0*  F«  1foml8»  J*  Chao*  Hts**  ^ 366*367  and  3113 
(1953). 


liathioa  and  isathlen^  jvovlde  anddenee  that  ooe-dinanaionfil  rotaticm  of 


^ L.  Cottttire-Mkthlaa  and  J.  P.  ffathlaia^  J.  Chan.  Fhora.*  226  (1952). 


the  Rn^  ion  is  posalbls  In  the  anaonliaa  halides  (i.e»»  Nn^Br»  RDjI* 

11H|^1)  posaessing  the  IteCOUtorpo  straoture.  Moraovert  the  neutron  dif* 
fraotien  aoqMrliBaats^  proTide  anrideoee  for  s^preoiable  rotatory  oscU* 
lation  of  the  liH^  ion  in  ND|Br.  The  faot  that  OCf^  is  larger  than  a&thar 
the  Br*  de  iT  ion  nakes  nearly  ftee  rotation  of  RH^  ion  in  oxyataUine 
a distinct  possibility. 

The  attainaant  of  the  activated  oonplaac  for  decocpoadtion  probably 
also  involves  a tranAational  notion  of  the  din^  ion.  m a namar  analo* 
sous  to  that  nsed  for  the  esoape  vdoeity  daring  sublinatlay^*^  ths 
activated  state  tramdatlonal  nation  of  tho  doji  ion  is  dividod  into  thres 
oonpanents.  Ths  partition  function  for  cms  of  those  oonpononts  is  !»• 
dnded  in  tbs  M/h  fbotor  of  tho  ^nring  fonaulation  of  transLtion  stats 
theory.  The  other  two  ooe^ponante  are  assnasd  to  be  nomal-state  trans- 
lational lattios  vihratlona.  It  is  farther  asawed  that  the  tranalational 
lottiee  vibrations  of  ths  NH^  ion  ranain  tBoaltered  during  the  fcraation 
of  Hw  aetivmted  state. 


• ^ • • 


• 30- 


Xt  is  now  po08ibl«  to  write  an  absolute  rate  oaqsressloin  for  the  pre» 
exponsatlol  Uoeer  deooq;>o8itiQn  rate  fketor  of  intemosaio  orthostiariblo 

iB  fim  to  ttat  <i5«t  fw 

■oleeole*  nsMOy 


^ * 


kr 

I T 


orthochuidblo 


p[  - esq?  (- 


denaltgr  of  !1^G3j0j^  (ortborhonfaLe) 
ehamoterlstlo  teoperature  for  lattice 
witaratlon  fkwquenesr^  asotsdng  aqaal 
freqaendes  for  tronslAtlonBl  and 
torsional  osdQlatioa  <sao  3$0 
12  B syiBBstrjr  mnher  of  CUl^  ion 
■oBwnt  of  inertia  d C3iG^  ion  » 

U$7  X ICT^ 

average  teoperature  » $01 


g OB 


g on 


msertion  of  the  above  Tnwwrlnol  oonaUnts  into  equation  (UB)  Tidds 


®o  NRj^dO^  (orthortioi*4c)  * ^ 


(h9) 


in  raasonsble  agreseant  with  the  vqparteonteUy  dsrived  value  of  1«5 

xvflmw^. 


A thaoretiodL  oriLeulatlan  of  the  aotivatlon  matfff  for  ttao  linoar 
dooonposltion  of  Intonnsoic  orthorhoobie  it  not  pottiblt  on 

th«  batit  of  presont  kaonaodga* 
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Abstract!  The  eaperloental  data  of  Blrcuaudunr  and  Neman 
are  analyzed  In  terms  of  a linear  rate  of  progressloa  of  the 
Interface  beteeen  residuo  and  undeeomposed  exystalo  linear 
decoBvoeition  rates  correspcading  to  glean  tenperatures  are 
derle^  directly  ften  the  maxi  nun  rate  portions  of  the 
curves  of  product  pressure  versus  time.  It  la  proposed  that  In 
the  temperature  range  220^0  to  280^^  the  daoonpositian  InUrfaoe 
travels  exclusively  throu^  the  dleoi^red  naterial  betseeo  the 
■osalo  bloelcs  of  the  or^tal  and  does  not  penetrate  the  Interior 
of  theea  blodke*  Absolute  rate  traataente  In  the  manner  of 
Laidlera,  Qlaastone«  and  J^jrrlxtg  are  presented  tor  each  of  the  two 
ciystil  fone  (orthortioabie  and  obblo)*  Theise  treatments  are  similar 
to  those  proposed  for  the  subllaatloii  of  ionlo  solids  and  the  vaporl^ 
sation  of  solid  aanonium  ehloride»  respeotiv^ly* 
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